Calcium binding of bovine protein S. Effect of thrombin cleavage and removal of the gamma-carboxyglutamic acid-containing region.
Thrombin cleaves protein S at arginine residues 52 and 70 resulting in loss of cofactor activity and reduced Ca2+ ion binding. After thrombin cleavage the NH2-terminal region containing gamma-carboxyglutamic acid (Gla) is linked to the large COOH-terminal fragment by a disulfide bond. Measurements of the rate of disulfide bond reduction by thioredoxin in intact protein S showed that the disulfide bonds are largely inaccessible to thioredoxin in the presence of Ca2+ ions, whereas in the presence of EDTA apparently all of the disulfide bonds are rapidly reduced. Probing the reactivity of the disulfide bonds in thrombin-modified proteins indicated that the thrombin cleavage induces a conformational change in the protein. After thrombin cleavage of protein S, the domain containing gamma-carboxyglutamic acid could be removed by selective reduction with thioredoxin followed by alkylation of the sulfhydryl groups. Ca2+ ion binding was compared in intact protein S, thrombin-modified protein S, and Gla domainless protein S. The intact protein S bound several Ca2+ ions, and the binding was not saturable. Thrombin-modified protein S, whether intact or with the Gla domain removed by selective reduction, bound two to three Ca2+ ions with a KD of 15-20 microM. The Gla domain in thrombin-modified protein S thus does not contribute significantly to the high affinity Ca2+ ion binding. Thrombin cleavage of protein S may be of physiological importance in the regulation of blood coagulation.